The spin fractions of constituent quarks in the proton are obtained from their chiral fluctuations involving Goldstone bosons. SU(3) breaking suggested by the mass difference between the strange and up, down quarks is included, and this improves the agreement with the data. The role of the η meson is analyzed in view of its questionable status as a Goldstone boson.
I. INTRODUCTION
The nonrelativistic quark model (NQM) explains many of the properties of the nucleon and its excited states as originating from three valence quarks whose dynamics is motivated by quantum chromodynamics (QCD), the accepted gauge field theory of the strong interaction. The effective degrees of freedom at low energies are dressed or constituent quarks which are expected to emerge in the spontaneous chiral symmetry breakdown of QCD which may be described by Nambu-Jona-Lasinio models [1] . The light quarks of QCD become dynamical quarks with mass m q (p 2 ) in this process. Upon approximating the dynamical mass by m q (0) ≈ m N /3 one can introduce the concept of a constituent quark (of the NQM) at low momentum p. Along with dynamical quarks Goldstone bosons [2] occur as effective degrees of freedom in QCD below the chiral symmetry scale 4πf π m π ≈ 1169 MeV for f π m π = 93
MeV. Other degrees of freedom, such as gluons, are integrated out.
Chiral quark models have been developed for a long time starting with the Gell-MannLevy σ model [3] . The nonlinear σ model is a starting point for soliton or Skyrme models of the nucleon [4] . The latter became widely appreciated when Witten [5] linked the Skyrme model to the large N c limit of QCD. Chiral bag models started with ref. [6] but further significant development stalled when it was recognized that their failure to treat quark and hadron boosts adequately along with the violation of translation invariance is rather difficult to avoid. Since dynamical quarks, and constituent quarks as their low momentum limit, became more widely accepted as appropriate degrees of freedom with growing support from NJL models, the chiral quark model came to dominate the literature. [7] Chiral fluctuations q ↑ → q ↓ + (qq ′ ) 0 of quarks into pseudoscalar mesons, (qq ′ ) 0 , of the SU(3) flavor octet of 0 − Goldstone bosons, were first applied to the spin problem of the proton in ref. [8] . It was shown that chiral dynamics help one understand not only the reduction of the proton spin carried by the valence quarks from ∆Σ = 1 in the NQM to the experimental value of about 1/3, but also that of the axial vector coupling constant g
A from the NQM value 5/3 to 5/4. In addition, the violation of the Gottfried sum rule [9] which signals an isospin asymmetric quark sea in the proton became plausible. Subsequently the analysis was extended to the η ′ meson [10] . A singlet coupling constant that differs from that of the octet was shown to cause the quark sea to become flavor asymmetric. Here we wish to study the effects of SU(3) breaking which are needed to explain the remaining discrepancies of the spin and quark sea observables with the data.
However, amongst the pseudoscalar mesons the η ′ is the heaviest. The large η ′ mass may be related to the anomalous divergence of the singlet axial vector current which involves a gluonic contribution in addition to the η ′ source term. Thus its properties differ significantly from those of other Goldstone bosons like the pions and kaons. In Sect. III we therefore discuss also broken SU(3) flavor results on the quark spin fractions without the η ′ meson.
Moreover, the status of the η meson as a Goldstone boson has been questioned recently [11] . In fact, a suppressed ηN coupling constant has been extracted from analyses of both pp collisions [12] and precision data from MAMI [13] on η photoproduction off the proton at threshold. This suppression was shown to be naturally explained by extending the current algebra statement on the equal structure of weak and strong flavor changing currents to the flavor preserving axial vector currents [14, 11] . If so, the ηN coupling constant becomes proportional to ∆s ≈ −0.1, the fraction of nucleon spin carried by the strange 
II. SU(3) BREAKING
If the spontaneous chiral symmetry breakdown in the infrared regime of QCD is governed by chiral SU(3) L ⊗ SU(3) R transformations then the effective interaction between the octet of Goldstone boson (GB) fields Φ i and quarks is a flavor scalar given by
This interaction will flip the polarization of the quark:
are the Gell-Mann SU(3) flavor matrices, and g A is the dimensionless axial vector quark coupling constant that is taken to be 1, while
is the isotriplet axial vector coupling constant of the weak decay of the neutron, and ∆u, ∆d and ∆s stand for the fraction of proton spin carried by the u, d and s quarks, respectively.
They are defined by the following matrix elements of the axial vector currents for the nucleon state
Here U N is the Dirac spinor of the nucleon, g 
If, despite its large mass from the axial anomaly, the singlet η ′ is important in the mesonquark interactions, it may be included with a relative coupling constant ζ that differs from that of the octet, thereby causing the quark sea to be flavor asymmetric, [10] , so that ζ can be determined from the measured value ofū/d ≈ 1/2 that violates the isospin symmetry.
While the η ′ then would help one understand the proton spin problem, the data [15] call for SU(3) breaking in addition because some spin observables, such as ∆ 3 /∆ 8 =5/3, do not depend on ζ and disagree with experiments in the SU(3) symmetric case. The success of hadronic mass relations suggests that such an interaction be governed by λ 8 of the SU (3) flavor symmetry, as it is expected to originate from the mass difference between the strange and up, down quarks.
Writing only the flavor dependence of these interactions we extend Eq. 1 to
Here g 
and similar ones for the other quark polarization. The Goldstone bosons have the usual quark composition, viz.
From Eq. 10 the total meson emission probability P is given to first order in the Goldstone fluctuations by
If the η and η ′ mesons are excluded for the reasons discussed above then we obtain
The polarized quark probabilities may now be read off the general probability expression [8] (1 − P )(
Since the antiquarks from Goldstone bosons are unpolarized we useū ↑ =ū ↓ in the spin fraction ∆u = u ↑ − u ↓ +ū ↑ −ū ↓ , etc. Moreover (see the NQM values in Table 1 ) ∆u v = 4/3, ∆d v = −1/3, ∆s v = 0 so that ∆s = ∆s sea , and ∆ū = ∆d = ∆s = 0. Altogether then Eq. 14 in conjunction with the probabilities displayed in Eq. 10 yields the following spin fractions
Without the η, η ′ mesons Eqs. 15,16 become
while ∆s stays unchanged.
If the antisymmetrization of the up and down sea quarks with the valence quarks is ignored we may assume that u v = 2, d v = 1, s v = 0 and u sea =ū, etc. Hence
From Eqs. 21,22,22 it is obvious that the sea violates the SU(3) flavor symmetry. It is also easy to see thatū =d =s = 3a in the SU(3) symmetric case where ǫ = 0 and ζ = 1, although this case is clearly unrealistic.
Without η, η ′ mesons in the chiral dynamics Eqs. 21,22 becomē
whiles stays unchanged. As a result we find for the ratioū ′ /d ′ =7/11≈0.636, so that SU (3) flavor breaking alone improves the chiral octet (ζ = 0 case, [8] ) valueū/d = 3/4 to slightly below 2/3, but still above the measured value 0.51± 0.09. With a negative η ′ coupling this ratio improves and, in fact, the value of ζ is determined fromū/d. [10] The Gottfried sum rule can now be written as
Other measured quantities are
III. NUMERICAL RESULTS
The SU(3) symmetric chiral quark model [8, 10] Table 1 ) to 2.11 for ǫ = 0.3, which is much closer to the experimental value 2.09 ± 0.13 [15] .
The situation is similar for the fraction f 3 /f 8 decreasing from the value 1/3 for ǫ = 0
(and the NQM, cp. 
A = F + D = 1.1 for ǫ = 0.3 is low compared with the experimental value 1.2573 ± 0.0028. In view of missing relativistic effects, which are known to drive this quantity lower, this discrepancy and ∆Σ are the only ones remaining in the broken SU (3) case. However, when a and ζ are allowed to vary also, the fits in Table 1 improve markedly for ζ =-0.5 to -0.8 and for a from 0.12 to 0.16.
A remarkable feature of our calculation is that without the η meson as a Goldstone boson (but with the η ′ ) this discrepancy eases as g
A = F + D actually increases to 1.21 for ǫ = 0.3 along with the spin fraction ∆Σ. When a, ζ and ǫ vary the fit without η (but with η ′ ) meson becomes the best case in Table 1 .
When the η ′ is also omitted from the chiral dynamics, i.e. ζ = 0, then the results for a =0.1 and ζ =-1.2 show that several spin and sea observables such as ∆u, ∆Σ tend to disagree with the data. However, g
A = F + D increases further to 1.335 which may be beneficial when relativistic effects are included. Varying both remaining parameters the fits in Table 1 show that this case actually stays quite competitive with the previous threeparameter fits, so that we conclude from the last two columns in Table 1 that the data prefer the η not being a Goldstone boson, but it is less clear whether or not the η ′ meson takes part in the chiral dynamics of quarks. However, for a firm conclusion relativistic effects must be included as well. Such work is in preparation for the chiral light-cone quark model and will be reported elsewhere.
Another description of quark spin fractions, where ǫ SM W parametrizes the suppression of kaon transitions only, which is appropriate for the case without η meson, has recently been given in [16] . Upon comparing our ∆s = −a(1 −
2 from Eq. 17 with their ∆s = −aǫ SM W
, and using their fit values ǫ SM W ≈ 0.5 − 0.6 we find the
which are in reasonable agreement with the ǫ values that we established above and in Table   1 .
IV. SUMMARY AND CONCLUSION
We have seen that in the broken SU (3) 
A may not be large enough, though, because relativistic effects are not included here which are known to drive this quantity to lower values. When the η meson is eliminated from the chiral dynamics because it is not a Goldstone boson, then g 
